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ABSTRACT
Through manipulations of different variables and development 
of certain technical processes, it was possible to develop a 
two-dimensional separation technique for the degradation 
products of Type I Collagen. The first step was a zymogram 
method in which gelatin and vitrogen were degraded by both 
trypsin samples and matrix metalloproteinases. The zymogram 
gels were then run electrophoretically and then separated 
into various strips which were treated with 2.5% Triton X-100 
and Buffer C and then allowed to incubate at various times 
and temperatures. The second step was an electrophoretic run 
of one of the excised strips from the original 2ymograms. 
Through the use of trypsin degradation and comparison of 
experimental data with deduced theoretical results, it was 
possible to validate the two-dimensional technique as viable. 
The two-dimensional technique with matrix metalloproteinases 
showed great promise as a characterization technique in that, 
with the optimal conditions, a good deal of detailed 
degradation product can be observed and analyzed for each 
individual matrix metalloproteinase.
wIntroduction
The extracellular matrix (ECM) is of primary importance in 
preserving the structural integrity of organisms of widely 
varying degrees of diversity as well as having major 
influences on various developmental and basic cellular 
processes (1). The ECM consists mainly of three major 
classes of molecules which are the collagens, glycoproteins, 
and proteoglycans (2).
Central to this paper are the collagens which, in addition to 
their structural role, are important in regulating major 
biological events such as morphogenesis and repair. There 
are fourteen types of collagen molecules, with three falling 
into the class of interstitial collagens or fiber forming 
collagens. Those three are Type I collagen, by far the most 
abundant of the three, Type II collagen which is found mainly 
in cartilage, and Type III collagen which is found, to 
varying degrees, in combination with Type I collagen in the 
majority of tissues (3). All collagens have in common a 
triple helical domain joined with varying globular and non­
helical structural portions. They also display a 
characteristic amino acid makeup with high glycine content 
and the presence of hydroxyproline and hydroxylysine (3). 
Another important characteristic of the interstitial 
collagens is their resistance to proteolytic attack which is 
due to the rod-shaped, triple-helical structure made up of 
three alpha chains that facilitate the formation of very 
stable, cross-linked collagen fibers.
Cleavage of the native fibril is accomplished only by an 
enzyme of the matrix metalloproteinase (raatrixin) family.
The matrix metalloproteinases (MMPs) are a family of enzymes 
that are responsible for the degradation of the extracellular 
matrix during processes such as embryogenesis and remodeling. 
They also play major roles in abnormal disease situations 
such as rheumatoid arthritis, cancer, periodontitis, and 
osteoporosis (4). The MMP that is able to accomplish this 
cleavage of the native, interstitial collagen fibrils is 
known as collagenase which is found in two types: 
interstitial collagenase or MMP-1 (EC 3.4.24,7) and 
neutrophil collagenase or MMP-8 (EC 3.4.24.34) (4). Both 
MMPs cleave all three chains of the triple helical portion of
the collagen molecules at one site only [G P Q G --  I A G Q]
on the alpha 1(1) chain and [G P Q G --- I* A G Q] on the
alpha 2(1) chain which is at the carboxy end of amino acid 
residue 791 which is a glycine. This cleavage results in 
fragments of 3/4 and 1/4 the molecular weight of the original
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molecule (1). The MMPs differ in that neutrophil collagenase 
displays preferential cleavage of Type I collagen, whereas 
interstitial collagenase will more favorably digest Type III 
collagen, although both are capable of cleaving all of the 
fiber forming collagens. In addition, MMP-1 is also capable 
of cleaving collagens type VII and X. Once the native 
collagen molecule has been cleaved by the action of 
collagenase, the resistance to digestion from proteolytic 
enzymes is essentially lost and the fragments are susceptible 
to the action of a wide variety of proteases. At this point, 
collagen becomes converted, by proteolytic cleavage, to its 
entirely denatured form, which is termed gelatin. Gelatin, 
which was used in some of the procedures to be detailed later 
in this paper, is capable of being cleaved by three MMP's.
Two of which are the Gelatinases, termed Gelatinase A and 
Gelatinase B (MMP-2 and MMP-9). And a third being 
Stromelysin (MMP-3) (5).
Trypsin (EC 3.4.21.4) (5) is a protease secreted by the 
pancreas in zymogen form later to be converted to active 
enzyme in the duodenum of the small intestine. Trypsin is 
purely a digestive enzyme with no association with the ECM 
and collagens in physiological systems. But it is an 
integral element in this paper as it is capable of cleaving 
the denatured alpha 1(1) and alpha 2(1) chain of Type I 
collagen. This is of greater significance as the specificity 
of trypsin is to cleave at the carboxy terminus of any 
arginine or lysine residue in a peptide chain. This 
specificity is the same as that of plasmin (EC 3.4.21.7) (5) 
which, in its active form, dissolves blood clots by cleaving 
fibrin molecules (6). By examining the amino acid sequence 
of the alpha 1(1) chain of collagen and determining the exact 
points of cleavage of the chain by the enzyme trypsin, it is 
possible to determine theoretical results for this work. 
Comparing the experimentally obtained results with those 
predicted by theory will serve to validate the techniques 
outlined and developed later in this paper.
The work of this paper focused mainly on the alpha 1(1) chain 
of Type I collagen and its degradation products when cleaved 
with the enzyme trypsin and various MMPs. Zymograms and SDS 
polyacrylamide gel electrophoresis were the main analytical 
techniques used for the characterization of these products.
It was necessary to refine the techniques by determining 
optimal conditions for several variables including percent 
acrylamide for the running gels, volume and concentration of 
the enzyme samples to be used, and the temperature and 
duration of the incubation for enzyme activity to occur in
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order to produce maximal degradation products. Also of 
pivotal importance to this work was the development of a 
viable technique to combine the zymogram process and the SDS- 
PAGE into a two-dimensional separation technique for the 
degradation products obtained. The technique was useful for 
characterizing both the experimentally obtained degradation 
products from cleavage of the alpha 1(1) chain with trypsin 
and comparing them to the theoretically determined results, 
and the degradation products obtained from the alpha 1(1) 
chain after treatment with various MMPs. Developing a viable 
technique to characterize the MMP degradation products was 
be valuable in that it will allow the identification and 
quantification of various MMPs from tissue samples of all 
kinds by analysis of their unique degradation product 
patterns.
Materials and Methods
SDS Polyacrylamide Gel Electrophoresis
A Bio-Rad Mini-PROTEAN II dual slab cell electrophoresis 
setup along with a Bio-Rad model 500/200 power supply were 
the constituents used to prepare and execute the 
electrophoretic gel runs. Through various trials, it was 
determined that a 10% acrylamide running gel provided the 
optimal separation for our purposes. The gel mixture was as 
follows for a 20 ml solution: 11 ml of QHLO, 0.2 ml 10% SDS
stock, 2.0 ml Tris-HCl buffer 10X, 6.67 ml **30:0.8 Acrylamide 
stock, 10 pi TEMED (N,N,N/,N/ - Tetramethylethyldiamine), and 
0.1 ml 10% ammonium persulfate solution. The reagents were 
mixed together with the exception of the ammonium persulfate 
and then degassed for five minutes. The ammonium persulfate 
was then added to the solution which was loaded into the gel 
apparatus and allowed to polymerize with a layer of H20 
saturated n-butanol on top to promote the formation or a 
flat, level, air bubble free upper surface of the gel. For 
all gels, a 7.5% acrylamide stacking gel was prepared in the 
same manner as above and used. While the stacking gel was 
polymerizing, 500 ml of running buffer (445 ml QH20, 5 ml 10% 
SDS, 50 ml tris-glycine buffer) were prepared and*2then poured 
into the gel apparatus before the samples were loaded.
Samples loaded were mixed in a 1:1 ratio with 2X non-reducing 
sample buffer. The electrophoretic setup, with the various 
samples and standard proteins of known molecular weight, were 
connected to the Bio-Rad power supply and run at a constant 
voltage of 150V until the dye reached the gray gasket at the 
bottom of the gel apparatus. The gels were then removed from 
the apparatus and fixed and stained by rotation in 50 ml of
Coomassie blue stain solution (.1% Coomassie brilliant blue 
R—250, 50% MeOH, 10% Acetic Acid) for thirty minutes. The 
stain solution was then poured off and the gels were allowed 
to rotate in 50 ml of destain solution (5% MeOH, 7.5% Acetic 
acid).
Zymogram Method
Two types of zymograms were used during this project, 
zymograms with gelatin type B from bovine skin (Sigma) and 
zymograms with vitrogen (Centrix Corp; Bovine Type I 
collagen without telopeptide ends at 3mg/ml in .12 N 
HC1). Both zymogram gels were prepared in fundamentally the 
same manner as the SDS-PAG gels with one exception. For the 
gelatin B zymograms, 15 mg/10 ml of total solution were 
added. The solution was then heated gently until the gelatin 
dissolved into the solution. For zymograms with vitrogen, 
the QH20 was substituted by a corresponding amount of 
vitrogen, added to the solution under the hood with sterile 
technique, which then had to be neutralized by a 10% addition 
of .12 N NaOH solution. This solution was then heated at 
60°C for five minutes to denature and solubilize the 
collagen. Once the solutions were mixed and complete, they 
were degassed, loaded into the apparatus and allowed to 
polymerize as above. The zymograms were than also loaded 
with various samples and standards and connected to the power 
supply to be run. After the runs were complete, the leading 
edge of the gels were cut off in order to mark the front for 
molecular weight determination. The gels were then placed in 
50 ml of 2.5% Triton X-100 for fifteen minutes. The 2.5% 
Triton X-100 was then poured off and 50 ml of Buffer C (50 mM 
Tris HC1; pH=8, 150 mM NaCl, 1 mM CaCl, 1 M ZnCl) was added 
for another fifteen minutes. The purpose of these washes was 
to provide the optimal conditions for the activity of the 
sample enzymes and to allow their digestion of the gelatin B 
or denatured vitrogen to begin. The zymograms were then 
incubated for various tiroes at various temperatures. It was 
found that room temperature (around 24°C) for five hours 
worked most effectively for the trypsin samples and room 
temperature for a time closer to ten hours was optimal for 
the MMPs.
Two-Dimensional Separation Technique
The first step, or dimension of this technique was the 
zymogram. The zymogram gels were set up as indicated above. 
For the final data the vitrogen gels were used exclusively. 
The samples loaded for the data presented were conditioned
medium from rabbit corneal fibroblasts treated with the drug 
cytochalasin B 2-4 day 10/22/93 (1% CS-conditioned medium 
which contained MMP's 1,2,3, and 9) and TPCK trypsin at 
concentrations of lOng/ml and 100 ng/ml. The samples were 
loaded into the zymogram gel, along with our standard, in 
volumes ranging from one to five microliters. Again, they 
were allowed to run as indicated above and the treated with 
50 ml 2.5% Triton X-100 and then Buffer C for fifteen minutes 
each. A set of the conditioned medium of volume one through 
fivg microliters was allowed to incubate at room temperature 
(24°C) for ten and twenty hours, while the trypsin samples of 
varying concentrations and volumes were allowed to incubate 
at the same temperature for five, ten, and twenty hours.
After the run of the 2ymogram, it was necessary to cut the 
lanes of the zymogram out in strips, taking special care to 
insure smooth edges. This was accomplished by using a glass 
plate as a base, then placing a 4" x 4” square of filter 
paper in the center of the plate. The filter paper was 
then thoroughly moistened with buffer C, which was nearby in 
a beaker (about 20 ml). The remaining portion of the filter 
paper was then cut into strips approximately 8 cm long and 3 
cm wide to store the gel strips on after they were cut for 
ease in handling. The next step was to remove the gel from 
the cassette and open up the glass plates. The leading edge 
of the gel was then cut off and the gel was placed onto the 
filter paper so that the bottoms of the lanes into which the 
samples were loaded were flush with the top edge of the 
filter paper. At this point it was useful to dip the 
fingertips into the buffer C to allow easy handling of the 
gel while flattening it out on the plate and coaxing out all 
air bubbles. To achieve a good, straight cut, it was 
necessary to use a straightedge, preferably a small, flexible 
plastic one. It was also necessary to keep the straightedge 
moistened with buffer C at all times so as to avoid damage 
caused to the gel due to the strips sticking to the 
straightedge. Of equal importance to achieving a smooth edge 
to the strip is the manipulation of the scalpel blade in a 
rocking motion. Light pressure was applied while the blade 
was is rocked forward about three millimeters, the blade 
was then be lifted back up slightly so as to relieve the 
pressure but not remove it from the gel and slid forward to 
be rocked again. Once the strip was cut from the gel, it 
was carefully handled with buffer C moistened fingers and 
placed on one of the previously cut filter paper strips for 
transport and possible storage at 4°C in a plastic bag for 
later use. The stacking gel portion of the strip was then 
also be cut off. If the strips are to be stored, no more
than five were put in a bag as any more than that causes some 
difficulty in handling, risking damage to the strips and 
confusion as to which one is which.
The next step in the two dimensional process was to set up 
the SDS-Polyacrylamide gel (10% running, 7.5% stacking) for 
electrophoresis of the gel strips removed from the zymogram 
gels. This was done as indicated above with the additional 
specification that the comb inserted into the stacking gel 
was always a wide-tooth comb which has only one additional 
lane to be used for the loading of the standard. The wide 
tooth was necessary to create a lane large enough to lay the 
zymogram gel strip horizontally on top of the SDS- 
Polyacrylamide gel.
After the SDS-Polyacrylamide gel had polymerized, the next 
step was to load the zymogram strips into the gel apparatus. 
Before beginning this phase of the process, a batch of 500 ml 
of running buffer was prepared and about 50 ml poured into a 
nearby beaker for use throughout the strip loading process.
It was also useful to lay down two kimwipes on the table as a 
stage for the glass plates so as to keep any residual debris 
away from the exposed gel. When the gel strips were removed 
from the storage bag, it was important to make sure that they 
did not stick to the plastic, as it could have ended up 
damaging the strip. If they did stick, the fingertips were 
dipped into the beaker of running buffer and lightly touched 
to the end of the gel strip. The strip was then allowed to 
lie back down flat on the strip of filter paper for a second. 
The strip then adhered to the filter paper for safe 
transport. The glass plates were separated in the normal 
manner, by holding each spacer at the top and gently twisting 
them until they forced the plates apart. Special care was 
taken to do this slowly and with small enough force so as to 
smoothly separate the plates, having the result of the gel 
remaining immobile on the bottom plate. Once the top plate 
was removed, the spacers were immediately replaced in order 
to stabilize the gel on the plate. The open staging area 
that was to be loaded with the zymogram strip was then 
moistened with 0.1 ml of running buffer. This forced all air 
pockets near the top of the gel to float on top of the 
buffer, making it si they can be removed by brushing them 
away with the fingers or using the selectapette as a vacuum 
to suck in the bubbles. After the staging area is 
sufficiently moist and clear of air bubbles, the fingertips 
were dipped into the running buffer for easy handling of the 
zymogram strip. The zymogram strip was removed slowly from 
the filter paper strip from top to bottom, if it stuck
w(which it tended to do at the bottom), the bottom edge of the 
filter paper strip was dipped into the running buffer while 
still holding the top of the zymogram strip. The filter 
paper soaked up the buffer and once it reached the area where 
the zymogram strip was stuck, it caused the strips to 
separate. The zymogram strip was carefully lied horizontally 
across the wide lane of the exposed gel, making sure that 
the entire strip was in contact with the gel. The strip was 
loaded with the high molecular weight end (the top of the 
original zymogram) towards the lane to be loaded with 
standard. After the strip was put into place, trapped air 
bubbles were able to be liberated by applying gentle, 
downward pressure at the top edge of the strip directly above 
where the bubbles were located. The bubbles were squeezed 
out between the zymogram strip and the gel. The bubbles were 
then able to be removed from the strip-gel interface by 
coaxing them away lightly with the fingers or using the 
selectapette once again as a vacuum. Once all of the air 
bubbles had been expelled, another 0.1 ml of running buffer 
was added over the zymogram strip-gel interface. If any 
bubbles were to appear at this point, the selectapette was 
again utilized. The top glass plate was then replaced by 
slowly and gently lowering it at an angle with the top edge 
(the edge over the loaded zymogram strip) touching down 
first. Once the top edge had made contact, the rest of the 
plate was slowly lowered until it was entirely flat over the 
gel. While it was imperative that, throughout the loading 
process, all air bubbles were removed from between the 
zymogram strip-gel interface as they would have physically 
hindered the migration of the degradation products, air 
bubbles between the strip and the glass were actually 
beneficial as they did not affect the movement of the 
degradation products through the gel, but they did serve to 
stabilize the position of the strip and prevent it from 
moving around. This was evidenced in runs where great effort 
was invested in removing the bubbles from between the glass 
plate and the gel strip, the result was that the strip 
floated and lost contact with the gel making the runs 
worthless. After the zymogram strip was loaded and the 
plates were back together, it was beneficial to use a kimwipe 
to clean away any extruded, polymerized gel that had been 
left in the cassette in order to prevent damage to the glass 
plates after tightening up the bolts of the cassette. If air 
bubbles were somehow trapped in the zymogram strip-gel 
interface after the plates have been reassembled and the 
cassette has been closed, the plunger from the #6 Hamilton 
syringe worked well to expel them. It was best utilized by 
inserting it into the space between the glass plates and
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exerting light pressure directly downward on the strip 
immediately above the bubbles. It was effective in forcing 
the bubbles from the interface area to between the strip and 
the glass.
Once the gel cassette had been reassembled and the entire 
apparatus put together, the remaining running buffer was 
poured into the apparatus as usual. The standards of known 
weight were then loaded in 5 microliter volumes due to the 
fact that the single, thin lane tended to collapse a bit 
during the loading process and any more than 5 microliters 
would be dangerously close to overflowing. Twenty 
microliters of 2X non-reducing sample buffer are also loaded 
in the extra space in the wide lane, past the zymogram strip 
(near the low molecular weight end) to mark the running front 
at this end of the gel.
Once loading was complete, the apparatus was connected to the 
power source and run as normal at 150V for approximately 45 
minutes. The gels were then fixed and stained in coomassie 
blue and then destained as described above.
Molecular Weight Determination
To determine the molecular weight of the samples and 
degradation products, the distance from the top to the bottom 
of each lane (total possible distance) was measured in 
millimeters. The distance travelled by the 
sample/degradation product was then also measured in 
millimeters. Dividing the distance travelled by the total 
distance provided Rf values for each band seen on the gels.
Two-cycle semi-log graph paper was used to graph the 
calculated Rf values from the standard protein bands (on the 
abscissa) against the log of the corresponding known 
molecular weights (on the ordinate). The linear graph 
constructed was used to determine the experimental molecular 
weight values of the samples and degradation products from Rf 
values. The standard used was a BIO-RAD prestained SDS-PAGE 
standard of low molecular weight range with the addition of 


















Lijnit Mgesst of collagen by Trypsin
The amino acid sequence of the alpha 1(1) chain of collagen 
with telopeptides was obtained (6) and entered into the first 
choice word processor (see Figure #1). And with the 
knowledge that trypsin would cleave at the carboxy terminus 
of any arginine (R) or Lysine (K) residue (5), the sequence 
was separated after every arginine and lysine. The result 
was eighty-eight fragments of widely varying molecular 
weights (see Figure #2, Tables #1 and #2).
With the knowledge obtained that there were eighty-eight 
possible fragments, it was then possible to calculate the 
amount of total possible fragment combinations that can be 
obtained in a vitrogen gel with the enzyme trypsin carrying 
out the degradation. The calculation was a simple summation, 
due to the fact that any single chain could be cleaved at all 
88 possible sites or none or anywhere in between. For this 
specific case, the equation is:
Si- = 3916 possible degradation
products
The shear magnitude of the possible degradation products 
should result in a characteristic streak in the 
electrophoretic gel of the two-dimensional technique.
Mass Determination of Limit Digest Fragments
After the amino acid sequence of the limit digest products 
was determined, their mass was calculated by first adding 
together the molecular weights of the individual amino acids, 
the fact that these were residues in a chain was then 
accounted for by subtracting the molecular weight of H20 (18) 
multiplied by the number of residues minus one, due to rhe 
fact that one H20 is lost in every peptide bond while the two 
residues on the end of the chain retained, in essence, half 
of an H20 at their free ends (See Table #2).
Results
Enzvme Verification
The results presented in Tables #3 and #4 are those of 
diagnostic, one-dimensional zymograms run to verify the 
presence of active enzyme in the MMP and Trypsin samples we 
used throughout the project. Clearly visible bands in the 
general range of molecular weight expected were seen, hence 
the runs were successful evidence of present, active enzymes.
g£yP-SAH Analysis
After the two-dimensional separation technique had been 
sufficiently developed, it was possible to begin the 
experimental analysis of the degradation products of trypsin 
on the alpha 1(1) chain of collagen.
As the theoretical data had been previously calculated, it 
was merely a matter of observation to verify that the 
experimental results would be able to lend support to the 
theory behind the method. It was necessary to vary the 
trypsin concentration, volume, incubation time, and 
temperature quite a bit before obtaining useful results. 
Overload was a major problem for quite a few trials. It was 
eventually determined that a range of one to four jul at a 
concentration of lOOng/ml was an optimal range. The optimal 
time of incubation is still unresolved but is somewhere 
in between the range of five to ten hours. Room temperature 
(which tends to hover around 24 degrees Celsius) was found to 
be useful for this study.
Displayed graphically in Figures #3 and #4 are two of the 
two-dimensional Trypsin gels, loaded with zymogram strips 
from vitrogen gels. As predicted, they both displayed a 
characteristic streak composed of a very large amount and 
variety of degradation products from the action of the 
trypsin on the vitrogen. The data for the two trypsin 
zymograms is also presented in Tables #5 and #6. It was 
interesting to note that the 2ymogram incubated for ten hours 
displayed a slightly wider range of molecular weights for the 
degradation products than did the five hour zymogram. It was 
also clearly apparent by referring to Table #2 that many of 
the smaller molecular weight fragments were not seen on the 
gels.
Matrix Metal1oprotelnase Analysis
While Collagenase cleaves the alpha 1(1) chain at only one 
site, offering a very limited proteinalysis by itself, it 
does leave the collagen molecule very susceptible to cleavage 
by all varieties of proteolytic enzymes, several of which 
were present in the NRCS+CB-CM samples that were used in this 
work. More importantly, the culture medium samples used 
also contained the MMP's 2,3, and 9 which all have a much 
greater capability than that of MMP-1 to cleave gelatin 
or denatured vitrogen. So, while the pattern of degradation 
product pattern of gelatin or denatured vitrogen cleaved by 
MMP-1 would be very simple, once again, theory indicated that 
the patterns resulting from degradation by the MMP's 2,3, and 
9 would result in characteristic streaks. Of further use is 
the knowledge that the MMP's exist in two discrete forms: 
the secreted, inactive, pro- form and the later proteolyzed, 
active form. The two different forms each have their own 
characteristic molecular weights, which indicates that a 
range of zero to eight characteristic streaks could have been 
seen in our two dimensional zymograms depending on which 
specific MMP's and how many of their forms were present and 
active.
Once more, it was necessary at first to refine the technique 
by varying the volume and type of Culture Medium sample used 
along with incubation time and temperature. The sample that 
seemed to work best was NRCS+CB-CM 2-4 day 10/22/93 (1% CS) 
at a volume range of about 3 jil to 5 jil. Incubation time was 
ideal at ten hours.
In Figures #5 and #6 it was seen that this is the case. This 
technique displayed up to five streaks not seen in the 
Trypsin-degraded samples along with certain areas of greater 
density of degradation products (referred to as bands in this 
paper). Unfortunately, for lack of resolution, it is 
difficult to see that there were also much smaller, finer 
streaks evident in these gels than in those of trypsin. It 
could also be seen that the streaks in the running portion of 
the gel lined up exactly with lighter portions in the 
original zymogram strips where the runoff into the gel 
occurred. The fact that the degradation products were 
evidenced as strips indicated that there was no activity of 
MMP-1 in our sample of culture medium, the streak pattern was 
much too complex. This did however indicate that the MMP's 
that were present and active were MMP-2, MMP-3, and MMP-9.
The data measured for the gels pictured in Figures #5 and #6 
is contained in tables #7 and #8 which do include the
measurements for the streaks that are not visible on the 
photocopies.
Discussion
The association between cells and the extracellular matrix 
and the ability for variability amongst these associations is 
of vital importance to countless biological processes, as 
well as many abnormal, disease-type states. This, in turn, 
makes it of great significance to understand the structure 
and workings of the degradative enzymes that play such a 
crucial role in the regulation of this organization, the 
matrix metalloproteinases.
The digestive enzyme Trypsin (EC 3.4.21.4) (5) was used in 
this project in order to validate the two dimensional 
technique for further use with the MMP's. Being a very well 
studied enzyme, there was abundant literature available with 
which to study its specificities and effects. It was merely 
a matter of putting together data collected by others in the 
past and using it to form theoretical models for the project 
proposed at hand.
As was mentioned in the results and presented in graphical 
and tabular form, the Trypsin analysis did indeed confirm 
that a two-dimensional electrophoretic separation technique 
was viable as outlined in the materials and methods section. 
This was indicated most clearly by the expected streaking 
pattern observed in the two-dimensional gels. Undoubtedly, 
the technique could have been more accurate. More 
experimentation should be done on the variance of 
volume of the enzyme sample and time of incubation, possibly 
in the range more around twelve to fifteen hours. The 
increase in incubation time is mainly related to the increase 
in the range of degradation products when the time was 
increased from five to ten hours. A question may be raised 
as to why there was no evidence of the very small molecular 
weight fragments that should have made up a portion of the 
degradation products as most of the streaks remained in a 
rather high molecular weight. Two possible solutions were 
that some of the products are so small (for example, fragment 
#88 - see tables #1 and #2) that they were completely washed 
away on the leading edge of the gel during the stain and 
destain process or that perhaps some of the smaller products 
could have been seen if a large enough gel with a wide range 
of standard proteins were used.
With the knowledge that a two-dimensional technique can be
carried out, the MMP analysis looks very promising. As 
mentioned earlier, the NRCS+CB-CM samples resulted in up 
to five streaks, some of which were very fine and precise. 
Each of the optimal two-dimensional examples displayed four 
major streaks which in turn, as seen in tables #7 and #8, 
resulted in a variety of degradation products in terms of 
molecular weight. The clear significance of this was that it 
will be possible to use the newly developed two-dimensional 
technique to characterize various MMPs by the degradation 
product patterns that they leave on the two-dimensional gel. 
Once again, increased accuracy will be the key in the future. 
It would appear that optimal conditions have been established 
for this MMP analysis, but there needs to be a more precise 
mechanism of measuring the streaks and bands that show up in 
the gel patterns in order to successfully and accurately 
characterize all of the given MMP's by their degradation 
product patterns.
As the techniques become more refined and precise, it will be 
possible to establish MMP "fingerprints” of sorts. And it 
will be possible to know which type and perhaps what 
concentration of that type of MMP may or may not be present 
in tissue that is in a normal, injured, or even diseased 
state. As data on that knowledge is obtained and developed, 
understanding of a great diverse multitude of biological 
situations has the potential to grow dramatically.
wFigure #1: Amino Acid Residue Sequence of The Alpha 1(1) 
Chain of Type I Collagen With Telopeptide 
Residues
(Telopeptide residues in lower case)
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G A A G P X G P T G P A G P X G F X G A V G A K G E G G P Q
G A R G S E G P Q G V R G E X G P X G P A G A A G P A G N X
G A D G E X G A K G A N G A X G I A G A X G F X G A R G P S
G P Q G P s G P X G P K G N S G E X G A X G N K G D T G A K
G E X G P T G I Q G P X G P A G E E G K R G A R G E X G P A
G L X G P X G E R G G X G S R G F X G A D G V A G P K G P X
G E R G A X G P A G P X G S X G E A G R X G E A G L X G A K
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G P X G A R G Q A G V M G F X G P K G A A G E X G K A G E R
G V X G P X G A V G P A G K D G E A G A Q G P X G P A G P A
G E R G E Q G P A G S X G F Q G L X G P A G P X G E A G K X
G E Q G V X G D L G A X G P S G A R G E R G F X G E R G V E
G P X G P A G P R G A N G A X G N D G A K G D A G A X G A X
G S Q G A X G L Q G M X G E R G A A G L X G P K G D R G D A
G P K G A D G A P G K D G V R G L T G P I G P X G P A G A X
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G P X G P A G P A G P X G P I G N V G A X G P J G A R G S A
G P X G A T G F X G A A G R V G P X G P s G N A G P X G P X
G P A G K E G S K G P R G E T G P A G R X G E V G P X G P X
G P A G E K G A X G A D G P A G A X G T p G P Q G I A G Q R
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G A E G S X G R D G S X G A K G D R G E T G P A G P X G A X
G A X G A X G P V G P A G K S G D R G E T G P A G P I G P V
G P A G A R G P A G P Q G P R G D J G E T G E E G D R G X J
G H R G F S G L Q G P X G P X G S X G E Q G P S G A S G P A
G P R G P X G S A G S X G K D G L N G L X G T I G X X G P R
G R T G D A G P A G P X G P X G P X G P X G P P
s g g f d f s f 1 P q P P q e k a h d g g y y r a
y w Figure #2; Amino Acid Sequence of Degradation Products
of Limit digest of Alpha 1(1) Chain of Type I 
Collagen With Telopeptide Residues by Trypsin
(X=hydroxyproline, J=hydroxylysine) 
(Telopeptide residues in lower case)
g 1 s y g y d e ks t g i s V P G P M G P S G p RG L X G p X G A X G P Q G P Q G P X G E X G E X G A S G P MG P R
G P X G p X G K
N G D D G E A G K
P G R
X G E R
G P X G P Q G A R
G L X G T A G L X G M J G H R
G F s G L D G A K
G D A G P A G P K
G E X G S X G E N G A X G Q H G P R
G L X G E R
G R
X G A X G P A G A R
G N D G A T G A A G P X G P T G P A G P X G F X G A V G A K
G E G G P Q G A R
G S E G P Q G V R
G E X G P X G P A G A A G P A G N X G A D G E X G A K
G A N G A X G I A G A X G F X G A R
G P S G P Q G P S G P X G P K
G N S G E X G A X G N K
G D T G A K
G E X G P T G X Q G P X G P A G E E G K
R
G A R
G E X G P A G L X G P X G E R
G G X G S R
G F X G A D G V A G P K
G P X G E R
G A X G P A G P K
G S X G E A G R
X G E A G L X G A K '
G L T G S X G S X G P D G K
T G P X G P A G Q N G R
X G P A G P X G A R
G Q A G V M G F X G P K
G A A G E X G K
A G E R
G V X G P X G A V G P A G K
D G E A G A Q G P X G P A G P A G E R
G E Q G P A G S X G F Q G L X G P A G P X G E A G K
X G E Q G V X G D L G A X G P S G A R
G E R
G F X G E R
Figure #2x (Cont'd)
G V E G P X G P A G P R
G A N G A X G N D G A K
G D A G A X G A X G S Q G A X G L Q G M X G E R
G A A G L X G P K
G D R
G D A G P K
G A D G A P G K
D G V R
G L T G P I G P X G P A G A X G D K
G E A G P S G P A G P T G A R
G A X G D R
G E X G P X G P A G F A G P X G A D G Q X G A K
G E X G D A G A K
G D A G P X G P A G P A G P X G P I G N V G A X G p J G A R
G S A G P X G A T G F X G A A G R
V G P X G P S G N A G P X G P X G P A G K
E G S K
G P R
G E T G P A G R
X G E V G P X G P X G P A G E K
G A X G A D G P A G A X G T P G P Q G I A G Q R
G V V G L X G Q R
G E R
G F X G L X G P S G E X G K
Q G P S G A S G E R
G P X G P M G P X G L A G P X G E S G R
E G A X G A E G s X G R
D G S X G A K
G D R
G E T G P A G P X G A X G A X G A X G P V G P A G K
S G D R
G E T G P A G P I G P V G P A G A R
G P A G P Q G P R
G D J G E T G E E G D R
G I J G H R
G F S G L Q G P X G P X G S X G E Q G P S G A S G p A G P R
G P X G S A G S X G K
D G L N G L X G P X G X X G P R
G R
T G D A G P A G P X G P X G P X G P X G P P s g g f d f s f
1 P q P P q e k
a h d g g r 
y Y r 
a
** Eighty-eight degradation products from cleavage of 
alpha 1 (I) chain of collagen at carboxy ends of 
Arginine (R) and Lysine (K) residues by trypsin.
Table #1: Amino Acid Sequence of Degradation Products of
Limit Digest of alpha 1(1) chain of Type I 
Collagen and Telopeptides With Trypsin
(X=hydroxyproline, J=hydroxylysine) 




Residue #'s Amino Acid Sequence
1 1-9 q 1 s y g y d e k
2 10-25 s t g i s V P G P H G P s G PR
3 26-58 G L X G P X G A X G P Q G P Q
G P X G E X G E X G A S G P M
G P R
4 59-66 G P X G P X G K
5 67-75 N G D D G E A G K
6 76-78 P G R
7 79-82 X G E R
8 83-91 G P X G P Q G A R
9 92-106 G L X G T A G L X G M J G H R
10 107-115 G F s G L D G A K
11 116-124 G D A G P A G P K
12 125-142 G E X G S X G E N G A X G Q M
G P R
13 143-148 G L X G E R
14 149-150 G R
15 151-160 X G A X G P A G A R
16 161-190 G N D G A T G A A G P X G P T
G P A G P X G F X G A V G A K
17 191-199 G E G G P Q G A R
18 200-208 G S E G P Q G V R
19 209-235 G E X G P X G P A G A A G P A
G N X G A D G E X G A K
20 236-253 G A N G A X G I A G A X G F X
G A R
21 254-268 G P S G P Q G P S G P X G P K
Table #1: (Continued)
Amino Acid Sequence of Degradation Products of 
Limit Digest of Alpha 1(1) Chain of type I collagen 




Residue #'s Amino Acid Sequence
22 269-280 G N S G E X G A X G N K
23 281-286 G D T G A K
24 287-306 G E X G P T G I Q G P X G P A
G E E G K
25 307 R
26 308-310 G A R
27 311-325 G E X G P A G L X G P X G E R
28 326-331 G G X G S R
29 332-343 G F X G A D G V A G P K
30 344-349 G P X G E R
31 350-358 G A X G P A G P K
32 359-366 G S X G E A G R
33 367-376 X G E A G L X G A K
34 377-390 G L T G S X G S X G P D G K
35 391-402 T G P X G P A G Q N G R
36 403-412 X G P A G P X G A R
37 413-424 G Q A G V M G F X G P K
38 425-432 G A A G E X G K
39 433-436 A G E R
40 437-450 G V X G P X G A V G P A G K
41 451-469 D G E A G A Q G P X G P A G P
A G E R
42 470-495 G E Q G P A G S X G F Q G L X
G P A G P X G E A G K
43 496-514 X G E Q G V X G D L G A X G P
S G A R
44 515-517 G E R
45 518-523 G F X G E R
wjgp/
Table #1: (Continued)
Amino Acid Sequence of Degradation Products of 
Limit Digest of Alpha 1(1) Chain of Type I 




Residue #'& Amino Acid Sequence
46 524-536 G V E G P X G P A G P R
47 537-548 G A N G A X G N D G A K
48 549-572 G D A G A X G A X G S Q G A X
G L Q G M X G E R
49 573-581 G A A G L X G P K
50 582-584 G D R
51 585-590 G D A G P K
52 591-598 G A D G A P G K
53 599-603 D G V R
54 604-621 G L T G P I G P X G P A G A X
G D K
55 622-636 G E A G P s G P A G P T G A R
56 637-642 G A X G D R
57 643—666 G E X G P X G P A G F A G P X
G A D G Q X G A K
58 667-675 G E X G D A G A K
59 676-705 G D A G P X G P A G P A G P X
G P I G N V G A X G P J G A R
60 706-722 G S A G P X G A T G F X G A A
G R
6f 723-743 V G P X G P S G N A G P X G P
X G P A G K
62 744-747 E G S K
63 748-750 G P R
64 751-758 G E T G P A G R
65 759-774 X G E V G P X G P X G P A G E
K
66 775-798 G A X G A D G P A G A X G T P
G P Q G I A G Q R
67 799-807 G V V G L X G Q R
wTable #1; (Continued)
Amino Acid Sequence of Degradation Products of 
Limit Digest of the Alpha 1(1) Chain of Type I 




Residue #'s Amino Acid Sequence
68 808-810 G E R
69 811-824 G F X G L X G P S G E X G K
70 825-834 Q G P S G A S G E R
71 835-854 G P X G P H G P X G L A G P X
G E S G R
72 855-866 E G A X G A E G s X G R
73 867-873 D G S X G A K
74 874-876 G D R
75 877-902 G E T G P A G P X G A X G A X
G A X G P V G P A G K
76 903-906 S G D R
77 907-924 G E T G P A G P I G P V G P A
G A R
78 925-933 G P A G P Q G P R
79 934-945 G D J G E T G E E G D R
80 946-951 G I J G H R
81 952-981 G F S G L Q G P X G P X G S X
G E Q G P S G A s G P A G P R
82 982-992 G P X G S A G S X G K
83 993-1008 D G L N G L X G p I G X X G P
R
84 1009-1010 G R
85 1011-1048 T G D A G P A G p X G P X G P
X G P X G P P s g g f d f s f
1 P q P P q e k
86 1049-1054 a h d g g r
87 1055-1057 y y r
88 1058 a
Table i2: Fragment lengths, Residue molecular weights, and
Fragment Molecular Weights of Collagen Alpha 1(1) 
Chain Degradation Products With Telopeptide 





Mol. Wgt. of 
Residues (Da)
Mol. Wgt. Of 
Fragment(Da)
1 9 1260 1116
2 16 1630 1360
3 33 3639 3063
4 8 863 737
5 9 1005 861
6 3 364 328
7 4 527 473
8 9 995 851
9 15 1747 1495
10 9 994 850
11 9 912 768
12 18 2047 1741
13 6 733 643
14 2 249 231
15 10 1043 881
16 30 3068 2546
17 9 971 827
18 9 1029 885
19 27 2633 2165
20 18 1890 1584
21 15 1508 1256
22 12 1313 1115
23 6 637 547
24 20 2204 1862
25 1 174 174
26 3 338 302
27 15 1686 1434
28 6 635 545
29 12 1285 1087
30 6 717 627
31 9 910 766
32 8 871 745
33 10 1090 928
34 14 1491 1257
35 12 1321 1123
36 10 1069 907
37 12 1358 1160
38 8 826 700
39 4 485 431
40 14 1425 1191
41 19 2028 1704
42 26 2813 2363
43 19 2089 1765
44 3 396 360
45 6 767 677
46 12 1303 1105
Table #2: (Continued) Fragment lengths, Residue molecular
weights, and Fragment Molecular Weights of 
Collagen Alpha 1(1) Chain Degradation Products 





Mol. Wgt. of 
Resiidues (Da)
Mol. Wgt. of 
Fragment(Da)
47 12 1241 1043
48 24 2611 2197
49 9 926 782
50 3 382 346
51 6 633 543
52 8 797 671
53 4 499 373
54 18 1895 1589
55 15 1532 1280
56 6 677 587
57 24 2562 2148
58 9 960 816
59 30 3127 2605
60 17 1746 1458
61 21 2171 1811
62 4 473 419
63 3 364 328
64 8 869 743
65 16 1759 1489
66 24 2501 2087
67 9 1041 897
68 3 396 360
69 14 1577 1343
70 10 1106 944
71 20 2173 1831
72 12 1313 1115
73 7 754 646
74 3 382 346
75 26 2633 2183
76 4 487 415
77 18 1865 1559
78 9 979 835
79 12 1462 1264
80 6 772 682
81 30 3225 2703
82 11 1122 942
83 16 1830 1560
84 2 249 231
85 38 4333 3667
86 6 701 611
87 3 536 500
88 1 89 89
Table #3; Measurements, Rf, and Molecular Weights of Trypsin 
Zymogram 11/12/93. incubated at 37°C for 15.5 
hours
W
Sample End(rom) Band 1 pi_st(mml B£ Mai MgfcJtmiStandard 55 1 3 .055 106
Standard # / 2 6 .109 80
Standard / r 3 17 .309 49.5
Standard / / 4 24 .436 32.5
standard / / 5 29 .527 27.5
Standard / / 6 41 .745 18.5
Standard *1 7 51 .927 3.5
Trypsin(lane 5) 55 1 32 .585 21.0
Trypsin(lane 10) 54 1 31 .567 22.3
Table #4; Measurements, Rf, and Molecular Weights of CM 
Zymogram 11/12/93. Incubated at 37 C for 15.5 
hours
Sample End f mm ^ BaraLi Pistfrom) B£ M2l WgtQtfQStandard 59 l 4 .068 106
Standard i 2 7 .119 80
Standard it 3 18 .305 49.5
Standard it 4 26 .441 32.5
Standard ti 5 30 .508 27.5
Standard n 6 41 .695 18.5
NRCS+CB-CM(lane2) 59 1 13 .220 66.0
NRCS+CB-CM(lane2) t! 2 14 .237 64.0
NRCS+CB-CM(lane2) It 3 15 .254 60.0
NRCS+CB-CM(lane2) It 4 18.5 .314 51.5
NRCS+CB-CM(lane9) 60 1 6 .100 95.0
NRCS+CB-CM(lane9) ti 2 10 .167 75.0
NRCS+CB-CM(lane9) ti 3 14 .233 64.2
NRCS+CB-CM(lane9) it 4 15 .250 60.1
NRCS+CB-CM(lane9) it 5 16 .267 58.0
NRCS+CB-CM(lane9) it 6 19 .317 51.0
Figure #3: Two Dimensional Gel #4 Run 12/7/93. Zymogram
Strip From lane #12, Zymogram #2, run 12/6/93 -
Loaded With 1 pi TPCK Trypsin (100 ng/ml), 
Incubated For Five Hours at 24 Degrees Celsius. 
Bio-Rad Prestained Standard Also Loaded Into Two 
Dimensional Gel.
Figure #4A: Two Dimensional Gel #6 Run 12/7/93. Zymogram
Strip From lane #14, Zymogram #2, run 12/6/93 
Loaded With 3 pi TPCK Trypsin, Incubated For 10 
Hours at 24 Degrees Celsius. Bio-Rad Prestained 
Standard Also Loaded Into Two Dimensional Gel.
Figure #4B: Two Dimensional Gel #6 Run 12/7/93. Zymogram
Strip From lane #14, Zymogram #2, run 12/6/93 
Loaded With 3 pi TPCK Trypsin, Incubated For 10 
Hours at 24 Degrees Celsius. Bio-Rad Prestained 
Standard Also Loaded Into Two Dimensional Gel. 
200% Magnification.
Table #5; Measurements and Rf values for zymogram strip and 
Measurements, Rf, and Molecular Weights 
Two-dimensional gel #4 run 12/7/93
Strip Information
Strip End = ,5Siam 
Incubation Time = 5 Hours 
Incubation Temperature = ZA degrees celcius 
Pate of
Lane# Gel# Zymogram Sample Streak# Dj-_st.(jnml £f
12 2 12/06/93 Trypsin (100ng/ml) 1 38.0 .691
(lpl)Two-Dimensional Analysis 
Band#/
Sample End StKaak.-#- Distfmm} B£ Moi...Wgt-(kP.)
Standard 56 mm l 5.0 .089 106
Standard ti 2 10.0 .179 80
Standard ti 3 19.0 .339 49.5
Standard ii 4 28.0 .500 32.5
Standard ti 5 33.0 .589 27.5
Standard n 6 44.0 .786 18.5
Standard « 7 53.0 .946 3.5
Trypsin(lpl) 56 mm l Top 5.0 .089 96.0
(100 ng/ml) it l Bottom 30.0 .536 27.5
Table #6: Measurements and Rf values for zymogram strip
incubated five hours at 24 degrees celcius and 
Measurements, Rf, and Molecular Weights Two- 
dimensional gel #6 Run 12/7/93
Strip Information
Strip End - 55mm 
Incubation Time = J5. hours 
Incubation Temperature = 2A degrees Celcius_
Date of
Lane# Gel# Zymogram Sample Streak# Rtefctmml Rf




Sample End Streak # Pi.s.tXmi Rf Mol WcrtfkD)
Standard 54 mm 1 4.0 .074 106
Standard ti 2 9.0 .167 80
Standard i 3 18.0 .333 49.5
Standard n 4 26.0 .481 32.5
Standard ii 5 31.0 .574 27.5
Standard it 6 42.0 .778 18.5
Standard n 7 50.0 .926 3.5
Trypsin(3pl) 54 mm 1 Top 4.0 .074 106
Trypsin(3pl) it 1 Bottom 42.0 .778 19.5
(lOOng/ml)
Figure #5A: Two Dimensional Gel #3 Run 12/1/93. Zymogram
Strip From lane #13, Zymogram #2, run 11/22/93 - 
Loaded With 3 pi NRCS+CB-CM, Incubated For 10 
Hours at 24 Degrees Celcius. Bio-Rad Prestained 
Standard Also Loaded Into Two Dimensional Gel.
-- ■'N
j
Figure #5B: Two Dimensional Gel #3 Run 12/1/93. Zymogram
Strip From lane #13, Zymogram #2, run 11/22/93 - 
Loaded With 3 jal NRCS+CB-CM, Incubated For 10 
Hours at 24 Degrees Celcius. Bio-Rad Prestained 
Standard Also Loaded Into Two Dimensional Gel. 
200% Magnification.
Figure #6A: Two Dimensional Gel #4 Run 12/2/93. Zymogram
Strip From lane #15, Zymogram #2, run 11/22/93 - 
Loaded With 5 ul NRCS+CB-CM, Incubated For 10 
Hours at 24 Degrees Celsius. Bio-Rad Prestained 
Standard Also Loaded Into Two Dimensional Gel.
\Figure #6B: Two Dimensional Gel #4 Run 12/2/93. Zymogram
Strip From lane #15, Zymogram #2, run 11/22/93 - 
Loaded With 5 ul NRCS+CB-CM, Incubated For 10 
Hours at 24 Degrees Celsius. Bio-Rad Prestained 
Standard Also Loaded Into Two Dimensional Gel. 
200% Magnification.
Table #7: Measurements and Rf values for zymogram strip and
Measurements, Rf, and Molecular Weights 
Two-dimensional gel #3 run 12/1/93
Strip Information
Strip End = 57mm 
Incubation Time = 10 Hours 
Incubation Temperature ~ 24 degrees Celoius 
Date of
Lane# Gal# Zvmoaram S.antple Streak# Distfmm) B£
13 2 11/22/93 NRCS+CB—CM( 3|ll) 1 11.0 .193
13 2 11/22/93 NRCS+CB—CM (3pl) 2 11.5 .202
13 2 11/22/93 NRCS+CB—CM( 3|ll) 3 12.0 .211
13 2 11/22/93 NRCS+CB-CM( 3jal) 4 14.0 .246
Two-Dimensional Analysis
Band#/
Sample End Streak # Distfmml B£ Mol WcrtfROY
Standard 58 mm 1 3.0 .052 106
Standard n 2 8.0 .138 80
Standard it 3 16.5 .284 49.5
Standard i i 4 24.0 .414 32.5
Standard n 5 29.0 .500 27.5
Standard n 6 39.0 .672 18.5
Standard n 7 50.0 .862 3.5
NRCS+CB-CM(3jll) 58 mm 1 Top 4.0 .069 105
NRCS+CB-CM(3pl) n 1 Bottom 25.0 .431 35.0
NRCS+CB-CM(3pl) n 2 Top 2.0 .034 120
NRCS+CB—CM(3pl) H 2 Bottom 6.0 .103 101
NRCS+CB-CM(3pl) II 3 Top 8.0 .138 87.0
NRCS+CB—CM(3pl) It 3 Bottom 26.0 .448 32.0
NRCS+CB-CM(3pl) II 4 Top 7.5 .129 91.0
NRCS+CB-CM(3pl) II 4 Bottom 34.0 .586 21.0
NRCS+CB—CM(3pl) II 4 Band 1 6.0 .094 96.0













Table #8; Measurements and Rf values for zymogram strip and 
Measurements, Rf, and Molecular Weights 
Two-dimensional gel #4 Run 12/2/93
Strip Information 
Strip End - 60mm 
Incubation Time = 10 Hours 
Incubation Temperature = 24 degrees celcius
Date of
Lane# Bel# Zvmoaram Sample Streak# Distfmml Rf
15 2 11/22/93 NRCS+CB-CM(5pl) 1 10.0 .167
15 2 11/22/93 NRCS+CB-CM(5pl) 2 10.5 .175
15 2 11/22/93 NRCS+CB—CM(5pl) 3 12.0 .200
15 2 11/22/93 NRCS+CB-CM ( 5}ll) 4 14.0 .233
Two-Dimensional Analysis 
Band#/
Sample End Streak # Distfmm) Rf Mol Wat(kD)
Standard 58 mm 1 4.0 .069 106
Standard tt 2 7.0 .121 80
Standard it 3 16.0 .276 49.5
Standard n 4 24.0 .414 32.5
Standard ii 5 30.0 .517 27.5
Standard ii 6 39.0 .672 18.5
Standard n 7 52.0 .897 3.5
NRCS+CB-CM(5pl) 58 mm 1 Top 3.0 .051 107
NRCS+CB-CM(5pl) it 1 Bottom 18.0 .310 52.5
NRCS+CB-CM ( 5pl) ii 2 Top 2.0 .034 110
NRCS+CB—CM ( 5)ll) ii 2 Bottom 5.5 .095 95.0
NRCS+CB-CM(5pl) ii 3 Top 3.0 .051 107
NRCS+CB-CM(5pl) ii 3 Bottom 14.0 .241 64.0
NRCS+CB—CM(5pl) ii 4 Top 3.0 .051 107
NRCS+CB-CM(5pl) it 4 Bottom 23.0 .397 40.5
NRCS+CB-CM(5pl) ii 4 Band 1 3.0 .051 107
NRCS+CB-CM( 5pl) n 4 Band 2 7.0 .121 91.0
NRCS+CB—CM( 5JU.1) it 4 Band 3 11.0 .190 74.0
13.0 .224 66.0
NRCS+CB-CM(5pl) n 4 Band 4 18.0 .310 52.5
W
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